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FOREWORD

This is the final study report covering the work accomplished from
14 May 1965 to 15 October 1965 by Electro-Optical Systems, Inc., for
the Jet Propulsion Laboratory under Contract Ho. 95116Z2. Engineers
and scientizts throughout EOS made contributicns tco this study and the
principal contributors are identified at the berminning of each volume.

Also, several references and techinical scurces were usel as te hicn!

and background infermaticn. These are idontified at the
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section.
Mr. R. Boring provided technical direction of the program for the
Jet Propulsion Laboratory.

The study report is divided into four volumes.

Volume I Sunmmary .

Volume 11 Science Expcriments Cataleg

Velume I1X Engineering Experiments Catalog

Volume IV Spacecraft/Experiment Paylcads
5961~ inal (I} ; i, : Lo _—
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N \OKO - \ ARSTRACT

This report contains a catalog of representative ancillary experi-
ments of a scientific and engineering nature suitable for inclusien on
experimental spacecraft designed by General Electric Company under JPL
Contract No. 950852. The ewperiment cataleg is divided inte the appro-
priate scientific disciplines and engineering technclories. The study
includes consideration of the mission and spacecraft facters asfecting
the selection of experirents. Consideration is also ~iven t . the scien-
tific merit, the practical verit, compatibility, and engireerins value in
the selection of the experitents centainel in the cataler. These con-
siderations, as well as the experinental speocecraft constrzints are used
to develop representative exjperirent payloads for three difierent speci-
fied missions. The details of the experiment payloads and tle interiace
with the varicus spacecrait subsystems are dis.ussed and swwmarized.

The results of this study indicate that the JPL experirentsl spacecraft
offers a flexible 'bus" and mission concept on which many scientific and

engineering experiments can be conducted.
(i
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1. I TRODUCTION

The primary cbjectives of the study program described in this report
were to prepare a surmary catalog of experiments cf a scientific and
enzincering nature for an experinental flight vehicle and to develop
representaztive evperirental payloads for three specified missions using
the ;enerated experirent catalog and tle JPL experirental space.raft
constraints.

The study plan to accorplish these cbjectives storted with defining
he missicns fror the point of view of scientific and engineering experi-
renter irterest, then spacecroft interfaces and constraints were defined
for tlie experirents. Based on this prelirminaryv infermation, a list of
scientific and engineerin; experiments was prepared. This preliminary
list was evaluated against selection criteria and reduced to a total of
66 ewperiments, composed of 33 scientific experiments and 33 eungineering
experiments. This final list of experiments was expanded in the form of
cdetailed writeups int. a short catalog.

The results of the experiient catalcy and spacecraft cons
were then used tc ectablish the representotive experinent pavlcads for
each of the three missions of interest.

During the study, it became apparent that a definite reed -xists
for an engineering technoclogy-oriented spacecreft similar to the one
studied in this report. The scientist has the 0G0, 0AO0 and 0S50 satel-
lites available on which tc perform experiments. The engineer is still
faced with the problem of ''space proven" hardware and at the present tire
has little opportunity to ''space prove' new concepts. With a highly
flexible '"bus' concept, the engineer would have a mechanism to verify

hardware operation.

1.1 Grcund Rules

“The major ground rules for this study are sumwrized as felliws:

d
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Three basic types of orbits were specified:

a. Mission A - one thousand (10¢U) nautical mile modfiied
sun synchronocus

b. Mission B - two hundred (20C) nautical mile peripee and
twenty-{ive thousand (25,700) nautical mile elliptical
orbit of high light-to-shadow ratio

¢. Mission C - circular orbit 325 nautical miles

Thie orbits are defined in more detail in Subsectionm 1.2.

2. The experimental spacecrait configuration is specified in the
final report on JPL Contract No. 9508532, dated 1 May 1965.
The spacecraft will be as specified in the JPL/GE report with
no nodification. The specified spacecrait/experiment inter-
faces are defined in more detail in Subsection 1.3. A con-
ceptual sketch of the spacecraft is illustrated in Fig. 1.

3. The experiments are based on present state-of-the-art capa-
bilities. Where a specific instrument is not available,
state-of-the-art technology was used.

L. The selected experiments shculd provide information of interest

to the scientific and engineering cormmunity.

13
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2. CHARACTERISTICS OF ORBITS AND MISSIONS

Three missions are defined and are designated as Missions A, B, and
C. Their primary characteristics are summarized in Table I. A major
difference between the selected missions is the orbit, conceptually
illustrated in Fig. 2. GSone mincr spacecraft corponent changes are
made for tle different missicns, but the basic spacewraft is tle same
and a2 version cf the improved Delta launch vehicle is used in all three
cases. The solar-therrionic experirent design (prirary experirent) is
ilentical for each of tlie rissions. The seccndary experivents included
on board the spacecraft will vary between missions because cof the dii-
ierent orbits emploved. The JPL design offers the advantage of allcwing
the different missions tc be flown with the sare basic spacecraft, thus
increasing the program flexibility and reducing the cost if more than one
of the missions is undertaken.

The characteristics of the varicus orbits are shown in Fig. 2 and

swrarized in Table I11.
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3. CHAFACTERISTICS OF TrE EXPERIMENTAL SPACECRAFT

The basic JPL experirental spoacecraft is shown in Fig. 3 with all
the secondary experiments rewcved. This same basic spacecraft design
is used for Missions A, B, and C with minor component changes required
betveen missions.

The basic syste consists of two parts, the experirents and the
spacecraft. The spaceurait consists of a structure to support and pr. tect

the experirments and cther asserblies, an attitude stabilization subsyste—,

servicing the experiments. The weight of the spacecraft is approximately
240 to 280 pounds, and it is cdesigned to accommodate about 38 pounds of

primary experiments and approxinately 85 pounds of secondary experiments,
~aking a total spacecraft weight of abcut 36C to 400 pounds. The result-

ing weight totals are:

Total system welzht, Mission A 360 pounds
Total syster weijht, Mission B - 373 pounds
Tetal syster weizlt, Mission C - 404 pounds

To maxinize the expervi:ent weisht capabilities for the varicus nissions

and launch vehicle capabilities, sore subsyster weights have bheen modi-

fied for specific missions. The differences in the total spacecraft
welphts result primarily from a difference in the attitude control and
powver subsystem weights. The remaining subsystems and experiments weigh
approximately the same for all three missions. The power subsysterm weight
increases from Missions A through C because the light-to-shadow ratio
becores prozressively worse. The unfovorable 1ight-to-shado& ratio
results in a secondary battery weigcht which for Missions B and C is more
than twice that for !lMission A. The attitude control subsystem weight is

appruxinately ten pounds higher for Mission C than for Missions A and B

because of the additional gas required for the puneumatic syste:. The
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higher gas requirement occurs beccuse the low altitude of the Mission C
orbit results in significantly higher gravity gradient disturbance
torques.

A common experiment on board the spacecraft is a solar thermionics
experiment, but the capabilities of the data bandling, power, attitude
control, and thermal subsystems allow great flexibility in accommodating
secondary experiments. The spacecraft design is such that it presents a
well-defined set cof interfaces to the experirents.

The spacecraft design can be used repeatedly, with only minor wodi-
fications, for different combinations of experiments. Scre of the advan-
tares of using a basic spacecraft which can accommedate a variety of
experirents are:

1. Llarze nurbers of directly and indirectly related experiments
can be performed concurrently to study the correlations be-
ween several phenomena at given positions in space.

2. The system reliability should be improved ultimately by the
repeated use and continuous improver.ent of the basic space-

craft.

(W5}

. The electrical, mechanical, and therrmal interfaces betieen

the experiments and spacecraft subsystems are wgll—defixed
and will renain essentially fixed fror mission te rmigsicn,

4. The continued use of a standard spacecrait desizn shuuld lead
to higher operating efficiency through the continuous evoelu-
tion of a ground dats acquisition and tracking station networ',
data processing equipnent, and opercting procedures.

A brief description of the actual spacecraft configuration and the
major subsystem features pertinent to the experiments is discussed in tle

il

following sections. A summary of the spacecraft requirements and con-

straints on experirents is given in Table III.

3.1 Conficzuration

The spacecraft bedy is an eight-sided prism with flot ends.

The components are mounted in a modulasr fashion in the eizht equip ent

£961-Tinal (I) 1
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TABLE III

SPACECRAFT REQUIRENENTS AND CONSTRAINTS QO EXTERIME!T

CONFIGURATION :

Spin Balance ~ 0.015 inct centeriine - static

£.002 radian - dynamic
Experiment Total Weight - &7 te 85 pounds
Maxinuwn Volume

Equipment Days 201.53'x1.5"'xC.3") - 2.3 cubic ft
Secondary ranmels 2(2'x2'x]') = & cublce It
Te: perature
Inside Bays 5% to BSOQ
Cutside Bays -18°% to +5¢C
Mounting

Equipment Bays - Standard Module (10"'x6'x18" max.)

Secondary Panels - Custom Fit
Field cof View

4 Bay Panels ~ 9¢°

%4 Bay Panels Obscured

Bottom Panels ~ 180°

Secondary Panels ~ 180°
Power Subsystem

Voltaze Range

+27 to +33 velt unregulated
High Line Noise
Provide {wn Regulation
Total Experiment Power

Day ~20 watts
Wight ~ 7 watt
Continuous Day ~30 watts
Attitude Contrel
Sun Lock
Pitch ~ T ¢.07 degrees
Yaw ~ T 0,07 degrees

Gyro Lock

Pitch ~ 1 €.2 degrees
Yaw ~t g2 degrees
Roll Rate

~ 10 degrees/hour
Gas expulsion limited
Data Handling & Teleretry

Analog O +5 wvolts

Digital

Storage Capacity - IExperiments
Mission A < 102,000 bits/orbit
Mission B < 420,000 bits/orbit
Mission C < 7C,00C bits/orbit

6961-Final (I) 11




TABLE III (contd)

SPACECRAFT REQUIREMEXTS AND CONSTRAINTS ON EXPERIMENTS

Command Subsystem

30 on-off commands

For experiments

Rerote sequencing
Tracking Subsystem

UHF R&RR accuracy
0.1 Zdezree pointing
15 reters range

1356 e
Solar Thermiocnics

Lickel Mirror

tagnetic Field 2-3 gauss

ikt

6951-Final (1) 12
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bays (see Fig. 3). Bays Nc. 5 and 2 are exclusively for secondary experi-

rmerts. Ewperinents mcunte! in these bays will be packaged in a standard
module which is 10 inches wilde, » inches deep and a naxinum of 18 inches
high. Fcur of the eight spacecraft sides have active thermal centrol and
are not availagble for ncunting cr viewing ports for experiments. The
remaining four sides are used for mounting tlie attitude contrel nozzles,
the telemetry antenna and experiment hardware and are available for
experirent viewing ports.

The lower gctagonal fsce and center internal volume may be
used for mounting experiments and senscrs which must look away from the
sun. The upper cctazonal face is usel for mounting the scolar thermionic
experiment, which does not leave reom for sun-oriented experi—erts on this
face. Four deployable panels are hinged off this upper face, the two
lar;e panels are used for photovoltaic pover and the two smaller ponels

are sun-oriented and used for seccondary experiments.

3.2 Thermal Control

The temperature control system is essentially the same as the
Mariner C spacecrait. The excess heat rejected is controlled by variable
louvers attached to the outside ovf the four controlled parels. In addi-

tion to the active thermal control syster:, thermal balance is maintaine:

{ia

by suver insuletion and ccatings on the cther expcsed suriaces.

Thermal contrel of the temperature ¢f equipment mounted cutside
the bays is achieved passively by the use of therral coatings (euxiliary
heater power may be used in special cases). ’

The nominal temperature excursions to be experienced by the
experirents with a spacecraft thermal design as specified above are
surmiarized in Table III.

The thermal control subsystem preliminary design indicates the
terperatures of all the assemblies in the main boedy of the spacecraft be
controlled within the limits of 5° and 35°C. Since the satellite nay
spend pericds as long as 2 hours in the Esrth's shadow, it is ne.essary

to use an active thermal contrcl syste:n. The use of an active system

[
ot
L3
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also makes it easier to accormodate large variations in experirest pover

dissipation and allows various sizes of experiient sensor cpenings

the external surfaces.

Thermal input to the spacecraft from the sun is reduced to =&
very low value by an efficient radiation shield (solar thermicnic mirror),
and the thermal radiation from the body is controlled by variable-area
radiation ponels and passive radiution shields. A radiation shield,
censisting of multiple lavers of alurinized ¥ylar, covers the four sides
which are nct actively thermal-contrelled and the end of the main body.
The feur other sides are covered with thermal insulation louvers to con-
trel their exposure. Each louver is positioned by a bimetallic spring
whicli senses the tempercture of the radiating panel. When the te peru-
ture of the radiating penels rise, the louvers open to allow the radia-
tion of more heat.

Thermal control of the appendage experiment assemblies is
obtained by using thermal radistion shields, radiation surfaces, and
electrical heating. The radistion arez sizes and locations will be
chosen to provide a preper heat balance during pericds of maxinunm
energy input. Electrical heaters can be provided to supply additicnal

nergy during long eclipses or when tle experirent pover is turned off.
With this svstem, the teuperatures of the experirented assemblies within
the appendage assemblies normally will be betveen -10" and 36°C.

Experiment sensors thet protrude through the radiation barriers
on either the main body or the appendaye contsiners present special
ther.al problems. ThLey nust be desi'med so that the solar enersy fluv,
abcut 1406 W/ml if exposed tv the surn, dres not cause excessive heating
cf the sensors, and sc¢ that the thermal radiat on, when the senscrs are
not illuminated by the sun, does not cause excessive cooling. In sore
cases it is necessary to allow greater temperature excursions tlan those

quoted above for sensors having large openings.

3.3 Solzr Thermionic Experinent

The primary interface of the experirents and the sclar thermionic

experirment is the magnetic field considerations. Assuming the concentratoer

6961-Final (I) 15




is made of nickel and is first demagnetized and prevented from further
magnetization by aveiding close proximity to strong magnetic fields, the
lower limit of magnetic field the concentrator would assurme is set by

the Earth's magnetic field at sea level. This vslue at the worst is
approximately 1 tec 2 gauss. Any experiments sensitive tec a magnetic
environment of this magnitude should preovide isolation from the concen-
trator. It should be noted that over 100 watts of power will be available
from the solar thermionic experiment - this power could be used for these

experirents demanding large amounts of power such as thermal heaters, etc.

3.4 Spacecraft Power Subsystem

The primary power for the total spacecraft is furnished by the
photovoltaic subsystem; the solar thermionic pewer is strictly utilized
as an experiment and not functional for general power usage.

The secondary power subsystem is a nickel cadmium battery pack
with supplies the power requirements when the spacecraft is in the Farth's
shadow or when transient loads exceed the photovoltaic capabilities.

The battery provides coarse regulaticn of the main bus, the bus
voltage will vary between the battery charge (+ 33.5 vos) and the dis-
charze (+ 27.5 volts) values. The experiments which require better re. u-
lation than this will provide their own pover conditioning and contrel.
Provision should also be made against electrical transients and high level
noise on the power bus lines due to othier experiments and spacecraft sub-
system interactions on the power subsysten.

A power coutrol unit provides switching of the power to the
experiments according to ground commands and/or prograrmmed basis.

The power budget allocated for the secondary experiments for

tlie various missions is summarized in Table IV,

3.5 Attitude Control Subsystem

The solar thermionic system necessitates an orientation accuracy
of T0.1 degree about the pitch and yaw axis. There is no position control
about the roll axis but the vehicle roll rcotes are limited to avoid gyre-

=

scopic cross-coupling problems. Since the solar therrmionics is rigidly

6961-Final (I)
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TABLE IV

POWER ALLOTHENT FOR SECOWDARY EXPERIMENTS

Hission A Mission B Miission €
100C n. mi. 200-25,000 n. mi. 325 n. mi.
Day-lNight Operation
Day
Pover ~ 18 watts 15 watts 23 wntts
Voltage ~ 27.5 volts ~ 27.5 volts ~ 27.5 volts
Current ~ 0.65 amp ~ 0.54 amp 0.82 amp
Night
Power 7 watts 6.5 watts 7 wotts
Voltage . ~ 27.5 volts ~ 27.5 volts ~ 27.5 wvolts
Current ~ 0.25 arp ~ 0.23 anmp ~ .25 auy
. .k
Continuous Day Operation
Power ~ 30 watts ~ 27 watts N/A
Voltage ~ 27.5 volts ~ 27.5 volts /A
Current ~ 1.1 amp ~ 1.0 amp R/A

* Assumes continucus day operation for extended period and the pitch
and yaw gyros are assurmed turned off with excess power available to
the experiments. This mode of cperation could be used for approxi-

X4

mately six months in MMission A and approximately 7. davs in lMission 3B,

but not at all in Mission C since there are no shadow-free periocds.
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zttached to the spacecrait body the entire spacccrvait is oricnted to

the sun. Momentum flywheels provide the pitch and yaw fine pointiaw

control and the expulsion of gas from the spacecrait is kept to a mini-
mum. The control and accuracies provided by the attitude control

summarized in Table III.

arc

Provision has been made for infrared sensors to reduce the

roll ambiguity, but the accuracy of the svstem is not defined.

3.4 Data landline and Telemetry Subsvstenms

The spacecralt data handling and telemelry subsystem proccseses,
stores, and telemeters the spacecraft experiment and housckeepine data

and gencrates timing signals fo

8
o
v
[0}
’.-l
o}

the experiments and spacceraft

subsvstenms. Two forms of data from the experiments can be oooommo-

{
Kl . - '
dated: analogz and digital.

The data handling capability is summarized in Table V.

TABLE V
SPACECRAFT DATA HANDLING CAPABILITY

Mission A

Mission B Mission ¢
Ancillary Experinent < 192,000 bits/orbit < 420,200 bits/orbit -~ 77,30 bits/orbit
Total Data Storage < 240,000 bits/orbit < 800,030 bits/orbic < 150,090 bits/or
‘Playback Rate 400 bits/sec 3,340 bits/sec 1,250
Plavback Time 10 min 4 min 2 nin
Codin: Mcthod PCM/TM/ PM PCM/FM PCM/ TN,

$90l-Final (1) - 17




The accuracy of the readin

uz

of the experiments is properticnal teo tic
number of bits used for coding the signal. The coding accuracics are

summarized in Table VI.

TABLE VI
SPACECRAFT CODING ACCURACIES

Number of Quantization
Binary Digits N Accuracy
5 +1.5%
6 +0.8%
7 =0.4%
8 =0.2%

Therecfore, experiments requiring a £1.0 percent accuracy require a
six bit coding.

The spacecraft data handling and telemetry subsystem is
designed to process, store, and telemeter experiment and spacecraft
data, and to generate timing signals for use by the experiments and
the spacecraft subgystems. The major clements of the subsystem are
shown in Fig. 4. It is a high-capacity digital and analog system
designed to conditicn, multiplex, store, and transmit data from the

experiments and spacecrart subsystems to the ground vecciving stalivus.

Its design provides that the simplest rracticable interface oxist botvee
the experiments and the Jata system. An additional advantage is the

fact that the data system design can accommodate a wide variety of
cxperiments. Two forms of data from experiments can be accommodated,
time-division-multiplexed analog data to the analog-to-digital con-
verter and digital telemetry system, and time-division-multiplexed
digital data dircctly to the digital telemetry system.

The interface wiring from a special purpose or analog experi-
ment output to the data system consists of a single line and its
The requirements arc specified simply, in that the output of the experi-

ment must remain within the 0 to 5 volt range and have a sufficiently

ot
<o
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low output impedance that the measuring accuracy will not be

affected by the input impedance of the data svstem.

The digital data interface allows many different tvpes of
dicital experiments to be flown without modification to the data swvsten.
All signal conditioning is performed within the experiments. Tuvo tvpes
of synchronizing lines chrry signals from the data system to the cxperi-
ments to control their prescntation of data over the digital data output
lines. One type of synchronizing line provides bit pulses; the other

provides word pulses for each data input. Thus, the cxperimenter may

[

divide his particular word or group of words as he desires.

Data from the experiments are sampled, digitized, stoved,
and telemetered by the digital data svstem. It consists of timiag
assemblies to provide timing for the oxperiments and all of the elec-
tronic subsystems, a patch panel to facilitate connection of the experi-
ments to the data system, data handling assemblics for sequentially
sampling all data inputs and converting analog data to binary form,
tape recorders or core memories for storing the binary data, and trans-
mitters and antennas for data transmission.

The data handling system is designed to permit flexibility
in the design of experiments. Experiments whose sensors produce’
basically analog signals, such as current, voltapge, or resistance
changes, cmploy signal conditioning equipment to present analog volt-
ages in the range of 0 to 5 volts, with low source impedances, to the
data system. Here they are converted to digital form. On the other
hand, experiment sensors such as Geiger-Mueller counters, ctc., vwhich
produce outputs that are fundamentally digital in nature, employ digital
techniques to process and condition the data. The data are presented
to the data system in serial binary form in synchronism with pulscs
obtained from the data system.

All experiment data outputs are routed to the data handling
system through a patch panel. Thig patch panel contains terminals for
all of the experiment outputs, data svstem inputs, and data timing

signals. The telemetry format is assembled by interconnecting thesc

£961-Final (I) 20




terminals. The use of the patch panel provides casy initial {orratting
and allows last-ninute changes i. the {ormat without affecting the other
equipment in the spacecraft or the clectrical cables.

Additional signals available to the cxperiments include péwer
converter synchronization, gyro 400 cps synchronization, ground com-
mands, and various timing frequencies. Timing pulses corresponding to
the sampline times of many of the digital inputs are provided to assist
the experimenters in programming the data conditioning within their
cxperiments. To assist the experimenter in determining the data han-

dling svstem operating conditions, additional signals indicate whetheor

oy
[$}

real time data are being transmitted, the real time bit rate, and
equipment group which is feedingy the data storage svstem.

The digital data storage is accommedated ~ - the nagnetic
core storage units or magnetic tape recorders, lepending on the mission.

For the elliptical orbit, two identical redundant tape rc-
corders store the digital data so that continuous data can be reccived
{rom the spacecraft by a small nurber of ground stations. Each of the
recorders has a storage capacity of 800,700 binary Lits. The rocovrcine

bit rate is cither 1000 or 4900 binary bits per second, depending on the

mission; thus, the recorders can record for 12 or % hours, respectivels.
The two recorders can store scquentially to provide up to either 14 or

6 hours between readouts. cadout of ene recorder can occur while data
are being stored on the other, to provide continuous coverage. Readout
times for the two cascs are 11.25 and 5.625 minutes, respectivelvy. The
recorder tapes are reversed for readout, resulting in time rvevevsal of
the data. Time reverses again during processing on the ground, return-
ing the data to their original order.

For the two circular orbits, the orbital period is short
cnourh that all the data collected can be stored in highly reliavle
magnetic core storage unite.
sequential access, coincicdent current core menor’

a
with internal addressing and counting. Its ruggedncss, small sizo,

oo
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wide temperature range, and completelv solid-state marnotic drive, with
no internal heating or temperaturc control requirements, make it quitc
suitable for aerospace applications. It has been fully qualified in
accordance with MIL-Q-9858. Data input and output is asvnchronous,
one bit at a time, at any rate up to 20,000 bits per secend, and the
capacity is 30,096 bits per core memory unit. .

Data are read out sequentially, one bit at a time, and then
restored in the memory. Thus, the information stored in a particular
core is erased only when that corc is required for new information.
After the unit has once been filled, it will alwavs contain the last
30,000 bile received Irom the encoder.

The Mission A satellite weuld colliecct 241

[y
o
’

,

1 1

oo orbit and would store these in vight ma, ot tic cors stora

[N

{20 pounds of cores). After the orbit was well established, the
tracking beacon would be turned off, and the telemetry carvier activated
by command {(either stored or real-timec) to initiate the acquisition
procedure.

Acquisition should be completed in less than two minutes, and
the data would be read out upon command from either the Fairbanks or
the St. John's ground station at a ratc of 400 bits per sccond for ten
minutes, using PCM/FM/PM.

Orbits where neither of these ground stations had a clcar
linc-of-sight te the satellite would be extremelv rare, and the loss
of data on these orbits would be accepted.

The Mission B satellite would collect £CC,000 bits ¢f data
each orbit and would store these in a magnctic tape recorder. A sccond
tape recorder would be available as a spare and to provide storasze [or
a sccond orbit of data on those occasions where a ground station was
not available upon completion of an orbit.

Up to two orbits of stored data weald be transmitted acar

perigee upon command to the Mojave, st. John's, or winifiold

at a rate of 6630 bits :er second for four minutes, using PCL

¢3r1-rival (1)
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and noncoherent reception. Frequency acquisition would not be nece

1

sary, and angular acquisition should be pessible in less than one

minute.

o
s

The Mission C satellite wou colleoct 150,000 bits of data
cach orbit and vould store up to two orbits of data in ten naghgtig
core storage units (25 pounds of cores).

It would be acquired in the same manncr as the Mission A
satellite (in about two minutes), and the data would be rcad out upon
command from the Fort Mvers, Sanciagc, Lima, or Quito stations at a
rate of 2500 hits pcr second for twe minutes, using PCM/FM/PM.

The digital cutputs of either the data-handling equi;ment
or the tape rec.rders (ur core memories) are telemctered on grouii

b oither of thie transmitters. Compleote comand-controlled cross-
strapping provisions allow the full use of the parallel redundancy to

acrease the reliability of the data-handling system.

()
o)

One of the two digital transmitters is energized upon the
receipt of a ground command. The telemetry system is automatically
turned off by a timer after the loss of the command carrier. Onec of
the transmitters feeds the omnidirectional antenna, which has a gain
of =10 dB relative to isotrvopic radiation. The other digital trans-
mitter is in a stancby mode. It is not possible for both digital
transmitters to operate simultaneously.

The digital transmitters have power outputs of 350 millivatts
to 700 milliwatts. The 136 Mc *0.003 percent carriers are modulated
by the PCM data.

The programmer provides the basic clock signals required by
the PCM encoder and other units and stores and auvtomatically executes
a predetermined program of commands governing such events as scparation
of satellite and booster, deployment of solar panels, transmitter
turn-on, etc. Back-up for some of the prograrmed commands can be fur-
nished by transmitting commands from the ground. Provision should
2lso be made to store a limited number of transmitted commands for

delayed execution.

6961-rinal (I)




The basic timing sources are two redundant crystal oscillsat x
with rr btable lonu-term stabilities of one  art in 107 ser vear and
short-term stabilities of cne part in 1ob per hour. Cnly one oscillat.or
will be used at a time so that all timing is derived frowm a single sourre.
Countdown circuits produce signals for synchronizing the dats-handling
assemnblies and the tape recorders, for time reference in the experiments,
and for synchronizing all power converters to minirmize interference to
experiments. An additional register could generate accumulated time,
which can be recorded and telemnetered with &ll digital dsta te serve

as a basic data-time reference.

3.7 Cormand Subsvstenm

The command subsyster will provide up to 70 actuated commands.
Approximately 30 cof these on-off commands will be reserved initially for

the secondary experiment functions.

3.8 Tracking Subsystem

A tracking subsystem is provided to establish the orbit and
position of the spacecraft. The specified system uses a 136 Mc beaccn

transmitter in l'ission A and C and a Ui range and range rate subhsvstes

for Mission B. The accuracy of tie Missicn B systent is capable of

nieasurerents of T10 meters in ranze and T0.1 degree in peinting ancle,

The accuracy of the liission A and U R«RR are not specitied. Luperis.

vhich require positional accuracy on iissions A and C sliculd note the

required tracking accuracy.

-
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& EXPERIMENT CATALOG

4.1 Classification

The experiments investigated in more detail have been cate-

oo Tiny
LGCETING,

iny science, and science. A rurther

poe

2 e
= B 2 23

o

HUL1EEC

.

breatidown into technical disciplines within the engineering ond scicr

categories is shown in Table VII, which shows the number of exnoriments

investicated.

rr
ot

For purposes cf this study, the experirents which are direc

<
o

related to the design, operatiocn and performance of spacecraft comporents

and subsystems have been classified as engineering experimerts. Under
this definition come experiments and investigations such as sclar power
systems, investigation of materials seals, bearings under prolonged ex-

posure to the extremes of space environment, attitude control investi-

saticnsg, thermal ceontr-l experiments, reliacility, space proviag Tardwsy

andé concepts, etc.

TABLE VII

EXPERIMENT CLASSIFICATION AKD NUMBER OF SELECTED EXPERIMENTS

ENGINEERING TECHNOLOGY SCIENCE DISCIPLINE
Power 16 Solar Physics 10
Attitude Control 2 Stellar & Galactic Astronomy 3
Thermal 2 Atmosphere 1
Mechanical 3 Innosphere * Radiosphere 2
Telecomm. 1 Particles 2 Fields 11
Optical 1 Planetology G)
Supp. Science 8 Bioscience 0
Total 33 Total 33
0981-Final (1) 25



The enzineering experiments considered in this study are
representative »f those that cculd be included on the model spacecraft.
The experiments included in this section are not the only experirents
possible, but the limited nature of the study precluded a complete
catalog.

Under the science heading come experiments which explore
atmospheric density, electron and ion density, magnetic and gravita-
tional fields, coswic radiation, gamma radiaticon, infrared and ultra-
violet, astronomy, etc.

To organize the science experirents the accepted RASA science

disciplines were used. These disciplines are shown in Table VIII.

4.2 Selection Criteria

It is evident that a complete examination of all possible

experiments is impossible within the sccpe of this study. At program

initiation, a list of general criteria was establislied against which

tentative experiments were judged prior to a more detailed investigation.
Application of these criteria helped to eliminate a large

nunber of experivents after brief examination.

5.3 Experiment List

1he exyerirments, whlch are described in more detail in
Vooomes TT oord ITI and form the final selooten watzl.ool oy st
in Tables IX and M. The list was derived irom examination of the .rit

nreviously discussed.

It nust be recognized that selection of experiments is subject
to personal opinion, and that other investigators may have chosen a
different group of experiments. In the science area, several of the
experirents have not been allowed before and were conceived for this
study.

It should alsc be ncted that a predominant feature of the
spacecrait is its sclar orientation, and many of the chosen experirents

take advantage of this feature.
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TABLE VIII

FOR MQRE DETAIpuD CONSIDERATIUN

Detailed Consideration Merit. Will the anticipated results of
this experiment

(a) tend to confirm or deny the validity of some scientific
principle or theorv? Ii "ves', ig this theory fundamental,
secondarv, or peripheral in importance? 1Is it interdisci-
plinarv or restricted in application?

(b)) i1l an important gap in the body of knowledge concerning

N Ty

() possibly reveal the existence of one or more previously
unknown phenomena (e.g., by confirming a prediction based
upon some tentative theory)?

(d) provide more accurate and/or detailed measurements of some
previously observed phenomenon?

{(2) extend _
theory or principle?

({) provide verification of performance (for enginesring experi
ments) which cannot be obtained on the ground?

() provide information regarding phenomena which constitute
possible hazards to man (either in space or on the earth,
moon, or some planet)? To spacecraft (directly, orf to
mission-essential components or devices)? To instruments?

(h) verify the feasibility of some novel instrument ar device
by duplicating or improving measurements made with conven-

tional instruments or techniques?

(i) provide information of potential militarv value, me

I
logical value, or information useful in assessing the feasi

bility of some future experiment or missicn?

I
some phenomenon for which no satisfactory or adequate theoty
s




TABLE VIII (Contd)

CRITERIA USED IN EVALUATING PROPOSED EXPERIMENTS
FOR MORE DETAILED CONSIDERATICON

2. Compatibility. Wil: the instrumentation for this experiment

(ignoring telemetry and power sources)

(a) be useful— in whole or in part— in the performance of other
experiments?

(b) produce steady or transient magnetic fields, electrostatic
fields, penetrating nuclear radiations, mechanical vibrations
or impuls-s (shocks), radiofrequency radiatiens, or any other
effects which would interfere with other cxperimeats or
equiyment on board?

(¢) require any special mounting considerations (e.g., a unique
location or attitude; special thermal, magnetic, electrical,
or other insulation and shielding requirements; access or
viewing ports)?

(d) require unique, extensive or complex prelaunch checkout
equipment and/or procedures?

(¢v) require unique, extensive or complex operational support
equipment ?

3. Engineering Considerations.

(a) Physical (weight, volume, dimensions and shaye,
requirements, vacuum and/or moisture seaiiw requi
surface coatings and finishes, special maciining of compl.x
parts and/or to close tclerances, use of exotic materials
and/or components...)

(b) Electrical (voltage, power, duty cycle...)

(c) Environmental (susceptibility to vibration, shock, accel-
eration, temperature extremes, clectrical transients, direct
selar radiations, cosmic radiations, vacuum, micrometeo-
roids...)

(<) nperating lifetime and shelf life

(e) Telemetry requirements

& o] J 3
tyni-Final

Special mechanical requirements (e.g., deployment on a boon,
opening and closing of shutters, insertion and removal of
filters and/or cali“ration s roes, -ericdic changes of
attitude and/or con:iiguration, ali,ment...)

o
[£9)

(1




LIST OF SCIENCE EXPERIMENTS CONTAINED IN CATALOG

Discipline

I Astronomy

I1 Solar Physics

I-A
I-B

I-C
II-A

I1-B
II1-C

11-D
II-E

"I1-F
11-G

II-H
I1-1

II-3

111 Particles and Fields

8961-Final (1)

III-A
III-B

ITI-C

-t

TABLE IX

Experiments

Ultraviolet and Infrared Emission cof Stars
{(D. G. Marlow)

Mapping of Galactic Structure in Infrared
and Ultravielet (D. G, Marlow)

0.75 to 10 Mc Galactic Radio Noise (R. Hertel}

Ultraviolet Imaging of Solar Flares (D. C.
Marlow)

Search for Solar Neutroms (C. Black)

Detection of Low Energy Gamma Radiation
(C. Black)

Solar Coronagraph (D. G. Marlow)

Study of Temporal Variations in Solar Ultra-
violet Emissions (M. W. Holm)

Infrared Emission from the Sum (D. G. Marlow)

Search fer Characteristic X-Ray Emission from
the Sun (C. Black)

Mcnitoring of Sclar X-Ray Emissions in the
Region of 0.2 to 24 kev (C. Black)

Extreme Ultraviolet Spectrum of the Sun
(L. M. Snyder)

Profile of Solar Lyman Alpha (R. Anderson)

Spectra of Galactic Electrons {(R. Hertel)

Study of Farth's Albedo Neutrons (C. Black/
J. H. Mullins) ’

Intensity and Abundance of Light and Medium
Nuclei in Galactic Cosmic Radiation (R, Hertel)

o]
N




Disciplinme

IV Planetary Atmospheres

V  Ionospheres and

VI Planetology

6061~Final (1)

ITI-H

ITI-1

1T11-J

ITI-K

IV-A

TABLE IX (contd)

Experiments

Trapped Particle Experiment (A. Y. Yahiku)

Detection of High-Energy Galactic Camma
Radiation (C. Black)

Proton Dosimeter (R. Hertel)

Search for Key Galactic Gamma Radiation
(C. Black)

Spectrum and Flux of High-Energy Galactic
Protons (T. T. Samaras)

Low-Energy Proton Spectrometry with Differ-
entially Shielded Sclar Cells (B. Ross)

Satellite Charging and Discharging Character-
istics (R. Hertel)

Jonization Chamber Experiment (T. T. Samaras)

Measurements of Earth Ultraviolet Radiation
Flux (D. G. Marlow)

Radio Physics

v-a
V-3

Vi-A

VIi-B
Vi-C

Vvi-b

VI-E

VI-F

Topside Scunder (R. Hertel)

Investigation of the Composition of the Uprper
Atmesphere (R. Hertel)

Photon Emission from the Dark Areas of the
Moon (D. G. Marlow)

Earth Albedo (D. G. MMarlow)

Ultraviclet and Infrared Lumar Albedo
(D. G. Marlow)

Physical Analysis of Micrometeoroids
(L. M. Snyder)

Effect of Hypervelocity Impacts on Structural
Surfaces (L. M. Snyder)

Chemical Analvsis of Carbonaceous Meteoroids
(L. M. Snyder)

a0
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TABLE 1.

Technology
1 Power
. II Attitude Control

II1I Thermal Control

“GE Final Report

6961-Final )

ENGINEERING EXPERIMENTS

I-A

I-F

I-G
I-H
I-I

I-J

I-L
I-M
I-N
I-0
I-P

II-A

IT-B

IIT-A
1I-B

s

bt

Experiment

Solar Cell Angle of Incidence
Experiment

Optical Transmittance Test

Measurement of Reflective Surface
Degradation

Heat Pipe Experiment

Concentrator Temperature and
Strain Measurements

Concentrator Reflectance and
Angular Error Measurement

Solar Cell Calibration Test
Solar Constant of the Sun

Measurement of Spectral Distribu-
tion of Space Sunlight F}

Evaluation of Conventional
Batteries in Zero Gravity

Evaluation of Regenerative Hydrozen-
Oxvgen Fuel Cell in Zero Gravity

Radiation Effects on Solar Cells™
Vee-Ridge Photovoltaics®

Thin Film Soclar Cells¥*

Solar Thermionics¥*

Pyremeter

Brushless dc Torquer - Reaction
Wheel

Attitude Control by Electric
Thrustors

Thermal Control Phase Change Materials

Thermal Coatings¥*
5
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TABLE X.

Technology

Mechanical

Telecommunications
Optical

Suppoerting Science

B

e
<

GE Final Report

H961-Final (1)

ENGINEERING EXPERIMENTS (contd)

VII-A
VII-B
VII-C
VII-D
VII-E
VII-F
VII-G
VIi-H

Experiment

Cold Welding in Integrated Space
Environment P

Sublimation of Materials in Space
Meteorcid Armor Test
Laser Experiment¥*

Transmittance Test

Solar Ultraviolet

Solar Lyman Alphas
Proton-Electron

Solar Gamma Ray

Solar X-Ray
Micrometeoroids Pressure
Magnetic Field

Local Pressure




*
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REPRESENTATIVE SPACECRAFT

Several groupings of experiments were conceptually placed on the
spacecraft as being representative of the flexibility of the spacecraft.
These representative spacecraft are discussed in Volume IV.

A typical payload is illustrated in Fig. 5, and consists entirely
of engineering experiments in the power technelegy discipline and
supporting science. Conceptual layouts of the secondary depleved panels
of the spacecraft and the experirent equiprent bays are shown in Figs. ©
and 7.

A surmary of the weight, power and data requirenents for the experi-
ments chosen on payload No. 1 is given in Table X.

Payload No. 1 is only one of a large number of possible payloads.
It illustrates several points which apply to all payloads investigated:

1. The spacecraft can contain a largze number of experiments
which can be relatively complex.
2. The available data-handling capability is considerably greater
than required.
3. All of the experirents can be designed cr placed in such &
rmanner that the prire solar-thermionic experiment offers no

interference.

6061-Tinal (I) 33
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